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Abstract 
A traction electric drive is used for an industrial tractor. The motor consists of a generator, a controlled rectifier, autonomous
inverters, and two onboard motors. The key feature of the introduced electric drive is the use of field regulated independent 
excitation reluctance machine as a generator and traction motors. These electric machines have the following performance 
specifications: the generator and motor design is brushless; and simple, the rotor has high mechanical stiffness that increases
reliability at high rate and overloads. There are no turns on the rotor; the motor is designed for simplicity of manufacture. The
drives have increased effectiveness in terms of the effect of a "cold" rotor frame; the motors have high torque overloads power
(up to 4-6 times the values of nominal torque). The turns of the motor and the generator are one- layered with full pitch capability 
of current and voltage. The drive manipulation is based on the transistors. The interval of the torque regulation is 1:10 resulting in 
permanent power for the drive [1]. This motor is used not only as a traction drive, but because of the simplicity of a frame it may 
be used for other devices where high load working cycles are required for operation.
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015).
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1. Introduction 
Today different electric drive systems are apply actively in independent high-horsepower feed systems such as 
sea crafts, river boats, rock handlers, tractors, etc. They have certain benefits in comparison to only mechanical 
systems. In these systems, electricity is generated by a diesel-generator set. The output parameter of generator is 
being three-phase power. It can use typical synchronous and induction motors or to a new frame electrical machines. 
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Power supply for such motors is increased to 1, 3, and 6 kV to loss reduction and decrease their size. For AC motors 
speed regulation can use a high voltage cascade frequency rectifier. The quantity of frequency rectifiers and its 
configuration are depends on the motor’s power and its voltage level. In this article, for an industrial tractor is used 
the traction motor. The electric drive is consist of the generator, the controlled convertor, the two autonomous 
inverters, two onboard drives. A key feature of the electric drive is the use of synchronous reluctance (reactive) 
machines with independent excitation as the generator and traction motors [2]. 
2. Industrial tractor electric drive
Introduced is one of the versions of the traction electric drive of the transport machine (fig. 1), composed of: a 
gas-turbine engine GTE, electrical generator G (alternator), the controlled rectifier CR on the output of the generator, 
two autonomous inverters AI1 and AI2, two onboard motors M1 and M2, and onboard mechanical transmissions 
MT1 and MT2 on driving wheels of tracks T1 and T2. 
The major engine (GTE) is diesel engine (280-300 rad/s) or a gas-turbine engine. The gas-turbine engine GTE 
and a rotor of generator G are install on a common axis. The generator and gas-turbine engine are bond as complete 
unit. In the next modification, between shaft of a diesel engine and shaft of electric generator G is used an 
intermediate speed increasing gear box in this case is applied the diesel engine. Angular speed of the rotor increases 
up to 1000 rad/s because of the speed-increasing gearbox [3]. 
Fig. 1. The block diagram of the traction electric drive. 
The generator is accomplish based on the synchronous reluctance machine with independent excitation. The G 
has the next rating: efficiency 0.9, the number of stator phases, m = 3, there are three-phase star connected output 
windings. 
The controlled rectifiers (CR) are imagined three transistor bridges and linked to the output stator coils of the 
electric generator. 
Input circuits of each bridge are linked to one of the three-phase stator coil. The secondary rectifier’s circuits are 
linked in parallel and build up a direct current voltage circuit. 
The autonomous inverters AI1, AI2 are complete on the base of the transistors as the three-phase bridge circuits. 
Onboard motors M1 and M2 are supplied from the convertors. The nominal parameters of the inverters: the voltage 
on the direct current side Vd = 1000V, an entrance current (Id), 2000, the number of inverter bridges three. Each 
bridge is a three-phase circuit. 
The nominal parameters of the motors M1, M2: rated speed 1000 rad /s, number of stator phases 3. The stator 
coils have connection like a Y (star). There are three stars are potentially separated. The nominal efficiency is 0.9. 
The maximal rotor speed is 1500 rad/s [4]. 
The traction electric drive can be used of the field regulated reluctance machines FRRM (fig. 2) as the generator 
G and the traction motors M1, M2 and this is a major feature. The field regulated reluctance machines are imagined 
as highly perspective modification of machines with the high torques [5] 
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A major feature of the electrical machines: 
-    A simple completely a no-touch frame of the 
drive; 
-    The rotor has high or very high mechanical 
stiffness that increases availability of the motor at the 
high speeds and the high overloads; 
-   There are no coils on the rotor; 
- High flexibility to production the motor. By 
experimental evaluation, its price should be lower 
than the asynchronous (induction) short-circuited 
electric motor by 15 … 20 %; 
-   Increased efficiency because of a "cold" rotor; 
-   High overloads on the torque up to 4 … 6; 
-    Capacitance of the capacitor is minimal in the 
direct current part of the frequency converter. 
The coil of the motor is complete as single-layered 
with full pitch. The current and voltage waveforms 
optimally interfaced with converter switchers [6]. 
3. Principle of operation 
In the salient poles synchronous machine, the part of an excitation coil in the stator slots can execute the coils if 
they are opposite to an inter-polar interval of a rotor; secondly, this coil has a full pitch. 
So, if current is passed via coils 1 – 1’ and 2 – 2’, positioned over an inter-polar space (fig. 2), it will produce a 
flux an along magnetic axis of the machine. Electromagnetic torque is created if a current is passed via coils 3 – 3’, 
4 – 4’, 5 – 5’ and 6 – 6’, positioned over poles of the rotor. 
The currents IF are positioned in the field winding, over inter-polar space of the rotor, and the currents IA are 
positioned in the armature coil over poles of a rotor, can be adapted independently and are switched as a function the 
rotor position. Via these coils it is not need to pass a sine wave current. It appears that a rectangular waveform of 
current is a more effective, the same as in slots of the direct current motor. The motor is operated in multiphase; a 
current and an electromotive force for each sequent phase are move at ʌ»m electric degrees, where there are m
phases. 
In the electric drive, the coil of a stator coil consistently serves as the armature windings and the excitation 
windings. If the electric machine would be operated in a generator mode, commutation keys, linked to the armature 
coils, work in a natural commutation mode [7]. 
4. Traction characteristic 
The traction characteristic of the transport machine 
is shown in fig. 3. It is corresponded to a constant 
power mode on a shaft of a driving wheel. In a 
constant power mode the operating range of the pull 
force is 0. The specific characteristic points are: Point 
A is a point of the maximal speed of the transportation 
vehicle. It is vA = 19 m/s. Points B, C, and D are 
conformed of the conditions to a mode of constant 
power of the electric drive. 
Point B is the upper limit of a constant power 
range, vB = 13.4 m/s. Point D is the lower limit of a 
constant power range vD = 1,34 m/s. Point D is 
Fig. 3. Traction characteristic. 
Fig. 2. Machine cross section area. 
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conformed to the greatest possible short-term traction force generate by the electric drive which is equal to the 
weight of the  transportation vehicle. The point C is conformed to a long-term typical operation of the electric 
motors M1, M2 and the generator, G. In this point, speed vC = 5.36 m/s [8]. 
5. Choice of rated data of electric motor 
On the traction characteristic in the point A developing maximum velocity of the drive equal nA=1500 rad/s, point 
B conform to a velocity of 1060 rad /s, at point C, it is 425 rad/s, and at point D, it is 106 rad/s. In this situation, the 
velocity of the drives will be like the velocity of the generator. Acceleration speed of the motors because of the 
broad band of the torque control in a constant power mode. Under specific conditions, point C is conformed to long-
term typical operation. Out of the electric drives in spaces A, B, and C happens because of decrease of the motor 
flux and nominal stator voltage. Work in the space of C and D happens at a nominal flux, and at the decrease stator 
voltage and an increased stator current [9, 14]. 
6. Estimation of mass dimensional parameters of electric machine and converters 
According to references, electric machines of general purpose industrial grade series with air cooling have special 
property within the limits of 1.0 … 1.5 Nm/kg, but if they have low angular rate (within the limits of 
1000 … 1500 rev/min) their special power parameters are low 5 … 7 kg/kW. According to that data [10], electric 
machines of specific transport vehicle, with oil cooling, have special conditions of torque 0.6 … 1.5 Nm/kg and of 
power about 2 kg/kW. Starting with initial conditions, it is possible assume that the weight of generator G is 
relatively small. Advanced scheme of the power circuits is shown on Figure 4. 
7. Control system of the electric drive 
In the electric drive of an industrial tractor, the control system is operates in two zones of control [11]. The 
nominal power of the pull electric motor is PN = 250 kW. The band of the torque control is equal 10. The first band 
of the torque regulation, by variation the motor magnetic flux, is equal 4, and the second band of regulation, by 
variation the motor armature current the decrease of the electromotive force, is equal 2.5. The profile power of the 
traction motor (in fractions of the mechanical profile power) is equal 6. But, if the motor regulation would be realize 
by only variation the motor magnetic flux, the profile power would be equal 10. In the torque regulation mode is 
achieved dramatic decline in dimension of the power profile of the motor because, first, there were two-zones of 
torque regulation and, secondly, because of the  advantageous curve form density configuration of the pull force on 
the transports, when very high overloads are presented as for a short time. In electric drives of industrial tractors, 
Fig. 4. Power circuits of “Autonomous inverter - Motor”. 
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with mode for regulation of the conditions of the control system, it is also possible to impulse - vector control 
[12, 15]. 
8. Conclusions 
An electric drive using synchronous reluctance machines with independent excitation is a strong competitor in 
regulated alternating current electric drives, because, it has the possibility for large overload torques, effective use of 
active materials, and easy system control [13]. 
An intense process invention that included attention on the semiconductor elements could result in an industrial 
tractor applicable to a wide variety of products. 
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